Determination of proline is of great importance and investigating the interaction of this amino acid with nanostructures play a key role in the construction of novel appropriate sensors for proline measurement. In this regard, proline adsorption on the surface of fullerene and carbon nanocone was studied by density functional theory. For this purpose, the structures of fullerene, nanocone, proline and proline-adsorbent complexes at two different configurations were optimized geometrically. Then, IR and Frontier molecular orbital calculations were done in the temperature range of 298.15-398.15 K at 10˚ intervals. The obtained adsorption energies, adsorption enthalpy changes, Gibbs free energy variations and thermodynamic equilibrium constants showed that the adsorption of proline on the surface of nanocone is exothermic, spontaneous, one sided and experimentally feasible. In this sense, proline adsorption on the fullerene is endothermic, non-spontaneous, balanced and experimentally impossible. The achieved specific heat capacity values reveal that carbon nanocone can be used in the development of thermal sensors for the determination of proline. The effect of temperature on the adsorption process was also checked out and the results indicate that 298.15 is the optimum temperature for the studied procedure. Some HOMO-LUMO parameters such as energy gap, electrophilicity, maximum charge capacity, chemical hardness and chemical potential were also evaluated. Accordingly, the findings demonstrate that carbon nanocone can be utilized in the electrochemical determination of proline.
is one of the main 20 amino acids that is used in the construction of proteins. Proline is an osmotic regulator in plants and can alleviate the salt and drought stress effects, significantly [1] . Moreover, this vital nutrition is a strong antioxidant that acts as an energy reservoir in the cells which adjust the cellular reduction potential. Protection of super molecules like proteins and decreasing the internal acidity of the cells are other functions of proline [2] [3] [4] . This amino acid which is the precursor of hydroxyl proline in our body is one of the principal constituents of collagen. Collagen is a protein that acts as a natural glue and is the major component of skin, tendons, bones, cartilages and teeth [5] . Hence, proline is important for the proper function of our body and also the health of other living organisms. In this regards, its determination is very significant. Various analytical techniques such as high performance liquid chromatography (HPLC), fluorescence, electrochemiluminescence and UV-visible spectrophotometry have been reported for the determination of this biological molecule. However, the mentioned techniques have remarkable downsides like requiring expensive and intricate instruments, needing experienced operators, having sample pretreatment steps, being time-consuming and lack of selectivity. The referred disadvantages motivate chemists to concentrate on new analytical methods like biosensors because this type of sensors are economical, time saving, selective, straightforward, portable, sensitive and applicable in turbid and colored specimens without any sample pre-treatment procedures [6] [7] [8] . But, the main step in the development of a biosensor is to find an appropriate sensing material which has a good interaction with the desired analyte.
Moreover, carbon nanostructures such as C60 fullerene and carbon nanocone have attracted the scientific community because of their ideal physical and chemical properties [9] [10] [11] . C60 which is called bucky ball, due to its similarity to the utilized balls in football (Figure 2 ), was synthesized for the first time at 1985 [12] . This zero dimensional nanostructure have prominent features like broad absorption in UV-visible area, structural angel strain, photo-thermal effect, long living triplet state and having dual nature of electrophilic and nucleophilic traits [13] . These eminent characteristics show that fullerene can be an excellent sensing material in designing various kinds of sensors for the determination of different biological compounds so that it has been used successfully for the detection of some important analytes; including, glucose, urea, proteins, dexamethasone and prednisolone [14] . Besides, carbon nanocone is an intermediate conical nanostructure between a graphene sheet and a carbon nanotube ( Figure 1 ) [15] . This nanostructure can be produced by cutting 1-5 sectors of angle 60° from a graphene sheet connecting the originated edges by the cut, with 1-5 pentagons at the aspects [16] . The mechanical stability and also the electrochemical features of carbon nanocone make it a unique choice for developing novel biosensors. The adsorption of NO, H2, HCl and NH3 on the surface of carbon nanocone has also been evaluated. In this regard, herein, the adsorption of proline amino acid on the fullerene and carbonanocone was investigated by density functional theory for the first time [17] [18] . 
Experimental

Computational methods
The structures of C60, carbon nanocone, proline and the produced derivatives from the interaction of proline with the evaluated nano adsorbents were designed by Gauss view software. Then, the designed structures were geometrically optimized and in the next step, IR and Frontier molecular orbital calculations were implemented on them in the temperature range of 298.15-398.15 K at 10° intervals.
All of the computations were done in the aqueous phase and atmospheric pressure using density functional theory method in the B3LYP/6-31G (d) level of theory. This basis set was selected because in our prior research, it has produced results which were in a good agreement with the experimental findings [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Spartan software was selected for performing the calculations. The evaluated process in this study was as follows:
Proline + adsorbent→ proline-adsorbent 
Results and discussion
Adsorption energy values
As it can be seen from Figure 2 , the proline amino acid was inserted near the surface of fullerene and carbon nanocone at two different configurations. In one configuration, proline is adsorbed on the adsorbent from the carbonyl functional group and in the other; the proline is oriented towards the surface of nanostructure from the nitrogen atom. The derivatives that are produced from the interaction of carbon atom of carbonyl group with the fullerene and carbon nanocone are demonstrated by C60-I-Isomer and NC-I-Isomer abbreviated names, respectively. C60-II-Isomer and NC-II-Isomer stand for the two other complexes which are originated from the interaction of the nitrogen atom with the surface of fullerene and nanocone, respectively. The adsorption energy (Eads) for the desired process was calculated by equation 2. In this formula, E is the symbol of total energy for the products and reactants of the studied procedure. The provided data in (Table 1) reveals that the adsorption of proline on the nanocone structure is experimentally feasible at both configurations because of the negative obtained adsorption energies. On the other hand, proline adsorption is experimentally impossible on the surface of fullerene due to the positive values of adsorption energy. The bond lengths between the nearest carbon atom of the adsorbents and the nitrogen and carbon atoms of proline are also reported in the table. As it is obvious, the interaction of nanocone and proline is stronger than fullerene because the bond lengths between nanocone and proline are shorter than the bond lengths between proline and fullerene. The mentioned finding is also in a good agreement with the calculated adsorption energy values. It should be noted that no negative frequency in the studied structures was observed as the reported values in the table confirm this.
Eads=E proline-adsorbent -(E proline + E adsorbent) (2) 
Thermodynamic survey
Some important thermodynamic parameters of the adsorption process were also investigated. The equilibrium constants (Kth) were calculated via equations 3-5 respectively.
ΔHad= ΔE˚ + (Hth proline-adsorbent -(Hth proline -Hth adsorbent))
ΔGad= ΔE˚ + (Gth proline-adsorbent -(Gth proline -Gth adsorbent)) (4)
In the equations 3 and 4, ΔE˚ refers to the total energy variations of the system which can be calculated by subtracting the total energy of the products from the total energy of reactants. Hth and Gth stand for the thermal enthalpy and thermal Gibbs free energy that were computed by the software for each structure. In equation 5, R and T are ideal gas constants and the temperature respectively. All of the thermodynamic parameters were calculated in the temperature range of 298.15-398.15 K at 10° intervals in order to inspect the effect of the temperature on the adsorption procedure. The achieved adsorption enthalpy alterations are given in Table 2 . As it is clear, adsorption of proline on the carbon nanocone is exothermic owing to the calculated negative values of ΔHad. In this sense, proline adsorption is endothermic on the surface of fullerene. By a closer look, it will be perceived that the adsorption of proline is more exothermic from its nitrogen atom in comparison to the carbonyl functional group. Because, the ΔHad values of NC-II-Isomer is more negative than the enthalpy changes of NC-I-Isomer. Moreover, by enhancing temperature this parameter has become more negative. Therefore, the adsorption process has become more exothermic by increasing of temperature. The calculated Gibbs free energy changes are tabulated in Table 3 . As it can be witnessed, the proline adsorption on the nanocone surface is spontaneous whereas the adsorption of proline on the fullerene is non-spontaneous. Because the obtained ΔGad values for NC-I-Isomer and NC-IIIsomer are considerably negative, this parameter is positive for C60-I-Isomer and C60-II-Isomer derivatives. The impression of temperature on this variable was also checked out. As it is obvious from the table, by incrementing the temperature, ΔGad has become more positive. Hence, rising the temperature makes the adsorption process less spontaneous. The next point that can be understood from the table is that proline adsorption from its nitrogen atom on the nanocone is more spontaneous because NC proline N derivative has lower ΔGad than NC proline CO derivative. The thermodynamic equilibrium constants are presented in Table 4 . One of the advantages of this parameter is that it can show the influence of temperature more sharply in comparison to other variables. The results indicate that proline interaction with carbon nanocone is one-sided and nonequilibrium, whereas, its interaction with C60 is weak, two-sided and reversible. In addition, by increasing of temperature, Kth has been significantly reduced in the proline-nanocone derivatives. Thus, it can be deduced that the adsorption procedure has become weaker. On the other hand, this variable has increased by incrementing of temperature in the case of fullerene-proline derivatives. It seems that proline adsorption on the fullerene gets stronger by increasing of temperature. But, it is worth mentioning that at the highest temperature, the thermodynamic constants of C60-I-Isomer and C60-IIIsomer are 5.311×10 -67 and 1.041×10 -70 , respectively, which shows that giving energy and heat to the system cannot make the proline adsorption process experimentally possible. As it was expected from the previous results, NC-II-Isomer derived product has greater thermodynamic constant in comparison to NC-I-Isomer. Thus, proline has the best interaction with nanocone from its nitrogen atom. The computed specific heat capacity values (CV) of proline and its derived products with fullerene and carbon nanocone are given in Table 5 . As it is obvious from the table, there is a tangible gap between the specific heat capacity values of proline and the investigated nano-adsorbents. Moreover, after the adsorption of proline, a significant surge has brought about in the CV values of the evaluated nanostructures. According to equation 6, CV has a direct relationship with thermal conductivity [25] . In this formula, n, ˂v˃, λ, CV and N are particles per unit, mean particle speed, mean free path, molecular specific heat capacity and Avogadro's number, respectively. Therefore, the thermal conductance of the fullerene and nanocone has been improved after the adsorption of proline amino acid. In this sense, in the development of thermal biosensors, a meaningful variation in the thermal conductivity of the sensing material plays a key role in the sensitivity of the designed analytical method. It can be concluded that nanocone is a promising sensing material in the construction of thermal biosensor for the detection of proline. The prior results proved that the interaction of proline and nanocone is exothermic and heat is transmitted from the system to the environment. So, the heat production which is necessary for appropriate function of this type of sensors is spontaneously implemented in the adsorption of proline on the nanocone.
The impact of changing temperature on the specific heat capacity was also inspected. As it can be seen, the CV value of each material has increased by incrementing of temperature. Thus, the thermal conductivity has ameliorated by rising of the temperature. 
Frontier molecular orbital analysis
In chemistry, HOMO is the highest occupied molecular orbital (EH) and LUMO (EL) is the lowest unoccupied molecular orbital, and the energy discrepancy between them is known as energy gap (HLG).
This variable which was calculated by equation 7 is an admissible standard for measuring the electrical conductivity of a compound. Due to the fact that the conductometric analytical methods are designed on the basis of remarkable alterations in the conductivity of a special reaction, estimating HLG can be so helpful. As the provided data in (Table 6 ) illustrates, the HLG values of fullerene and carbon nanocone are 8.66 and 9.16 (eV), respectively, which have a considerable discrepancy with proline HLG (15.97).
And after the adsorption of proline on the surface of nano-adsorbents, HLG has abated, dramatically.
The conductivity and energy gap have a vice versa relationship with each other. Hence, the conductivity of the system has defused after the interaction of proline with the nanostructures. In this regard, owing to former results which indicated proline does not have a good interaction with fullerene it seems carbon nanocone can be utilized in the conductometric determination of proline.
HLG=ELUMO -EHOMO (7)
η = (ELUMO -EHOMO)/2 (8)
∆Nmax=-µ/η (11) Chemical hardness () was also calculated for each structure using equation 8. Chemical hardness is an acceptable criterion for estimating the softness and reactivity of a substance. In fact, a material with a negligible HOMO-LUMO gap is chemically smoother than a compound with a high value of HOMO-LUMO gap. With a more precise glance at Table 6 , it can be realized that the chemical hardness of proline has declined drastically after its adsorption on the evaluated adsorbents. Given the fact that soft substances can change their electron density more easily in comparison to hard compounds, they will be more reactive because the electron transmission that is essential for the implementation of a reaction can be done in soft compounds more comfortably. So, proline derived products with fullerene and nanocone are more reactive than pure amino acid and nano-adsorbents 
Conclusions
Various analytical methods have been developed for proline determination. However, most of them are expensive, time-consuming and sophisticated. Fortunately, biosensors can be a good alternative because of being economical, having simple instrumentation and eminent selectivity. In this regard, the performance of fullerene (C60) and carbon nanocone as a sensing material for proline detection was evaluated by density functional theory. The results revealed that proline adsorption on fullerene is endothermic, non-spontaneous and experimentally impossible. On the other hand, proline adsorption on the surface of carbon nanocone was exothermic, spontaneous and experimentally feasible. In addition, the findings proved that carbon nanocone can be used for designing a thermal sensor for proline measurement. The orbital molecular analysis exhibited that carbon nanocone is also a prominent sensing material for conduct metric determination of proline.
Owing to the fact that the obtained theoretical results substantiate the capability of carbon nanocone as an eminent sensing material for proline detection, an experimental investigation on the usage of this nanostructure for the construction of new proline biosensors is recommended to the experts of this field.
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